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(54) Title: COLLAPSIBLE, MICROWAVABLE CONTAINER 
(57) Abstract 

The present invention provides a collapsible, mkrowavable con- 
tainer for storing and heating foods. The container is substantially clear in 
appearance and includes an uj-per open end (12), a lower end (14) closed 
by a bottom wall (16), and a peripheral side wall (18) extending between 
the upper and lower ends which is movable between extended and col- 
lapsed positions upon the exertion of a force. The peripheral side wall 
( 1 8) of the container includes upper (22), lower (26) and intermediate (24) 
portions. In a preferred embodiment, the container walls are comprised of 
outer and inner layers of a thermoplastic polymer such as polypropylene 
having a flex modulus of about 150,000 psi (1034 MPa) and an interme- 
diate layer having a lower flex modulus than the outer and inner 1 ayers. 
In an alternative embodiment, the container may comprise a single layer 
where the upper and lower portions of the peripheral side wall are formed 
from a thermoplastic polymer having a first flex modulus and the interme- 
diate portion i? formed from a polymer having a lower flex modulus. 
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COLLAPSIBLE, MlCROWAVABLE CONTAINER 

The present invention relates t a collapsible f microwavaWe cont Jiner fo» storing 
and heating foods comprising multiple layers 0< a wnglt layer of ther moplast«c polymers which 
5 permit the container to movt between collapsed and titended positions 

Many reusable thermoplastic conteine rs of vinous sues and shapes art known m 
the art which art used for packaging and storing a variety of foods Such cont a»ners art useful 
whtn storing foods which art to be used up over a pt nod of umt because the food is eevly 
rese jled in the container with the use of a removable lid or cover. Reusable, co'iapvbie 
10 containers are also known which are capable of being collapsed as the fond »s u*td ow time to 
save storage space 

Such collapsible containers are desirable as they are reusable, and they may be 
compactly stored m a co»!apsed position, thus meximixing storage space However, while such 
collapsible containers provide a convenient storage method, the containers are unsuitable for 

1 5 heating foods in a microwave oven as the containers are constructed of only a single layer of a 
polymer which is not sufficiently heat resistant to maintain the structural integrity of the 
containers under microwave cooking conditions In general, container* made from 
thermoplastic polymers or copolymers with a softening temperature below 100*C art not 
sufficiently resistant to hot foods whtn heated in a microwave oven/and art subject to 

20 deformation and leaking. 

U.S. Patent No 5,219,628 discloses a multi-layer container suitable for use in 
microwave cooking comprising a substrate layer of a thermoplastic polymer and an inner 
protective layer comprising a Wend of polymers which contacts the food Howtter, the 
polymers comprising "Jie container structure art rtlativtly rigid and are not suitable for use in a 

25 collapsible container 

Further, when heated, such as in a microwave ovtn, many thermoplastic 
container* are subject to staining by foods, whicn is undesirable for a reusable .ontainer 
Another disadvantage of such containers is that they have low optical clarity, making it difficult 
for a consumer to see the 'ood or liquid stored inside 

3D Accordingly, the need still eiists in this art for a thermoplastic container which i* 

flexible enough to be collapsed for compact food storage, rigid enough to withstand 
microwave heating, and which maintains optical clarity. 

The present invention meets that need by providing a rtuseblt. thermoplastic 
container which is microwavaWe for cooking and reheating food, which \\ collapsible to 

35 pr vide compact storage, and which maintains excellent optical clarity The container may be 
produced by coextrusion or coinjection followed by Wow molding or by sequential molding 
techniques 
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In a preferred embodiment of the invent* n, the walls of thee ntame'are 
formed from alternating layer* of polymer* having different properties wh.ch pr v.de 
flexibility for permitting collapse of the container while maintaining ng.d«ty and sum 
resistance for microwave heating In one embodiment, the container walls compr.se outer and 

5 inner layers of a thermoplastic polymer having a first flex modulus and an intermediate 

(second) layer of * thermoplastic polymer having a lower flei modulus than the outer and inner 
polymer layers. PrefereWy, the outer and inner layers have a flei modulus of about 1 50.000 
pounds per square inch (psi) (1034 MPa) 

In a preferred embodiment of the invention, the outer and inner thermoplastic 

10 polymer layers comprise polypropylene. Of the total wall thickness, the outer layer of 
polypropylene preferaWy comprises 18-22* of the total th.ckness, the intermediate 
thermoplastic polymer layer comprises 5S-«M of the total thickness, and the inner layer of 
polypropylene comprises 1*27* of the total thicknass 

The intermediate layer preferably comprises a compatible polymeric "glue" layer 

1 5 such as, for example, a copolymer of ethylene and vinyl acetate or polyethylene In a variation 
of this embodiment, the container wallvmay include "glue" la*ers which jo«n the intermediate 
layer to the outer and inner layers The "glue* layers preferably comprise copolymers of 
ethylene and vinyl acetate, ethylene and acrylic acid, or polyethylene 

In another embodiment of the invention, the container walls comprise * Wend f 

20 polypropylene and polyethylene, where the Wend comprises at least 50H by weight 
polypropylene. 

In still another embodiment of the invention, the container walls comprise only a 
single layer formed from polymers having different flex moduli In this embodiment, the upper 
and lower portions of the peripheral side wall of the container are formed from polypropylene 

25 having a first flex modulus, and the intermediate portion is formed from a thermoplastic 
polymer having a lower flex modulus than polypropylene Pre f eraWy. the outer layers of 
polypropylene have a flex modulus of about 1 50,000 psi (1033 MPa) while the intermediate 
portion is formed from a softer polypropylene having a low flex modulus which is 
approximately 15,000*0,000 psi (103-552 MPa) 

jq The container is substantially dear in Mpp^Mt^nct and has a haze value of no more 

than 40% The haxe value refers to the degree of cloudiness m the thermoplastic layers 
comprising the container walls By substantially clear, it is meant that the container walls are 
sufficiently transparent such that one can see the contents of the container. 

While the container is cepatf e of holding most container sited products 

35 commonly found in households, it is particularly adaptaWe to hWding foods, either solids or 
liquids, and is resistant t leakage and deformation which may occur as a result of microwave 
heating The container is also resistant to staining by foods The container may be repeatedly 
extended and collapsed during use, and may be rtptaie&i refrigerated and reheated 
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Acc rdingly, it ntftaturt of the pff^niinvtotion to provide «co*i*p^»W , 
microwe v a We container which is reusaWe and it suitable for heating and stor ing food it is .. 
further feature of the invention to provide a container which is substantially clear and revstant 
to staining. These, and other features and advantage of the present invention, will become 
5 MppMrnnt form the 'flowing detailed description, the accompanying drawings, and the 
appended claims 

Fig I is a perspective view of the collapsible container of the present invention, 

Fig 2 is a side view of the container shown in Fig. 1 ; 

Fig. 3 is a cross-sectional view of the container wall showing outer, inner and 
1 0 intermediate layers taken along line 3-3 in Fig. 2; 

Fig. 3a is a cross-sectional view of an alternative embodiment of the container 
wall comprising outer and inner layers; 

fig. 3b is a variation of the embodiment shown in fig 3 including outer, inner, 
intermediate, and glue leytrs; 
1 s Fig. 4 is a side view of the container in a collapsed position; 

Figr5^**wn*»rged cross-sectional view of the container taken along line 5-5 in 

Fig. 4; and 

Fig. 6 is a bottom view of the container taken along line fr-6 in Fig. 5 

The container of the present invention provides a combination of properties 

20 which has not been achieved with the use of prior art thermoplastic containers which utilize 
only a single layer of polymer or blends of polymers. The container structure of the present 
invention uses either multiple layers or polymers having different properties or a single layer, 
but with different sections of the container comprising different polymers with differing 
properties. Where the container utilizes a multi-layer structure, outer and inner layers of a 

25 pdymer having a high flez modulus of greater than 80,000 psi (552 MPa), preferably 1 00,000 
psi (689 MPa) to 200.000 psi (1 379 MPa), and most preferably of about 1 50,000 psi ( 1 033 MPa) 
(as measured by ASTM method 0790 B) are used to provide sufficient stiffness and resistance 
deflection under load when heated or otherwise The intermediate layer positioned between 
the outer and inner layers comprises a softer polymer of a lower (lex modulus (that is, between 

30 15,000-80,000 psi) (103*552 MPa) which provides flexibility to the container wall during 

collapsing. Thus, by utilizing polymers with different properties in a multi-layer construction, 
the container of the present invention provides both the flexibility needed for collapsing and 
the rigidity required for microwavability. 

Alternatively, the container structure may comprise a vngle layer made up of 

35 upper, lower and intermediate portions, where the upper and lower portions are formed from 
a polymer having a high flez modulus preferably of about 1 50.000 psi (1 033 MPa), and the 
intermediate porti n being formed from a polymer having a lower flex modulus Thus, the 
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contain of the present invention may utilize only * single layer which alto pr vide* the devred 
pr pertie* f collectibility and microwavability 

With reference t Figs. 1 and 2, 4 collapsible, microwavaWe multi-layer contain r 
10 is illustrated. The container 10 include* an upper open end 12, a lower end 14 closed by a 

c bottom wall 16. and a peripheral tide wall 18 emending between the upper and lower end* 
The peripheral sidewall is shown in the extended position in rig. 1 , and include* an upper 
portion 22, an intermediate portion 24, and a lower portion 26 The uppe r portion of the 
peripheral sid twall has a thickness of between 40-60 mils (1. 02- 1.52 mm). The lower portion f 
the peripheral sidewall ha* a thickness of between 20-60 mils (O S I- 1 .52 mm), and the 

1 0 intermediate portion of the sidewall is much thinner, having a thickness of from 3- 1 2 mil* (0 Oft* 
0.30 mm) which permits collapse of the container by the folding of the intermediate layer 
While illustrated in a preferred form with upper, intermediate, and lower sidewall portions, it 
will be $pp4f9C\\ to those skilled in the art that the container may be made with a* few a* one 
<idewall portion of a high flex modulu* polymer and one *idewall portion having a lower flex 

1 5 modulu* or a* mcny a* several portions, each of high and lower flex modulus polymers. 

As shown in Fig. 2, the upper and lower sidewall portion* 22 end 26 ere*lightly 
tapered so as to facilitate collapsing and extension of the container. The container 10 may be 
collapsed to the position shown in fig*. 4 *nd 5 by exerting a do*ing force of from about 2 to 10 
pound* (8 90-44.48 N) at the upper portion of the container. This cau*e* the intermediate 

20 portion of the sidewall to fold back on itsel f *ucr. that the lower portion of the sidewall 26 is 
telescoped within the upper portion 22 a* shown in the cro*s-*ectional view of the container in 
Fig. 5. As car be *een in Fig. 4, the container can be approximately one-half of it* original 
height in the collap*ed po*ition. To revert the container to its fully extended portion, a user 
may grip the container at opposite end* and pull the container in opposite direction*, which 

25 require* an opening force of from about 5 pound* (22 29 N)) As illustrated, a roughened 
*urfece 27 i* provided around the periphery of the lower portion of the container to provide a 
gripping *urfece. 

Fig. 3 illustrate* a cros* *ection of one embodiment of the container wall m which 
the wall comprise* outer and inner polymer layer* 28 and an intermediate polymer layer 30 

3Q Preferably, the outer and inner layers comprise polypropylene. The intermediate layer 32 has a 
lower flex modulus than the polypropylene layers and may comprise a copolymer of ethylen 
and vinyl acetate or polyethylene or a low flex modulus polyproyiene (hereinafter described) 
Of the total container wall thickness, the outer layer compri*es 18-22H of the total thickness, 
the inner layer compri*e* 19-27H of the total thickne*s, and the intermediate layer compri*e* 

35 55-60% of the total thickne**. While the actual thickne*ses f the upper, lower, and 

intermediate portion* f the container wait will vary, a* de*cribed previously, the percentage* 
of polymer* making up the layer* in tho*e wall portion* will be in the above-described range* 
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Fig 3 illustrates and alternate embodiment of the invention m which the 
container wall comprises outer layer 32 and inner layer 34 where the inner layer (that is. the 
layer in contact with the contents of the container) comprises polypropylene and the Outer 
layer comprises either a low fie* modulus polypropylene, a copolymer of ethylene and vinyl 
5 acetate, or a copolymer of ethylene jnd acrylic acid Typically, the inner layer will comprise 
fr.vn 10- 50% of the total wall thin ness. wh,le the outer layer will comprise from about 90-50H 
'the total wall thickness 

Fig 3b illustrates a variation of the embodiment shown m F.g 3 m which the 
r^onuiner walls include glue layers 36 which join the intermediate layer 30 to the outer and 
jq inner polypropylene layers 28 The glue layers may comprise copolymers of ethylene and vinyl 
acetate or ethylene and acrylic Kid In order to obtain good layer adhevon, the copolymer of 
ethylene and vinyl acetate preferably should comprise at least 1 1 S vinyl acetate A higher 
percentage of vinyl acetate may be used where the ethylene vinyl acetate copolymer •* blended 
with another polymer 

y 5 A preferred high flex modulus polypropylene for use in the present invention is 

Pro Fa* SV 256 (usdtrrwk), commercially available from Himont Incorporated Otr*r suitable 
grades of polypropylene include PD199 and Pro Fa* 7624 (trademark). Suitable low flex 
modulus polypropylenes include KS-0S0 (fie* modulus 18,500 psi (127 MPa), commercially 
available from Himont. The use of polypropylene has several advantages in that it provides 

2o excellent optical clarity, superior high temperature performance, and is available in a wide 
range of grades Suitable copolymers of ethylene and vinyl acetate include Elvax 3 1 35S8, 
commercially available from DuPont A suitable copolymer of ethylene and acrylic aod is 
commercially available as Pteur (trademark). 

When the intermediate la/er comprises polyethylene, a suitable resin for use is a 

25 substantially Untar copolymer resin of ethylene and an o-olefin as taught m commonly- 
assigned published PCT application PCT/US92/0881 2, published April 27 # 1993, the disclosure of 
which is hereby incorporated by reference These copolymer resins are commercially available 
from The Oow Chemical Company as polymer revns made*using>insite"" c onttr * ned^eomet ry 
catalyst technology (CGCT) Constrained geometry catalysts are described or referenced mUS 

30 Patents 5,064,802 and 5,1 32,380 and EPO Publication 041681 5 of March 1 3, 1991. and 

equivalent South African Patent 90/6969 granted May 27, 1992, and EPO Publication 05207 32 
of November 18. 1992 The catalysts may be generally characterized as comprising a metal 
coordination complex of a metal of Groups 3-10 or the Lanthanide series of the Periodic Table 
of Elements and a delocalized n-bonded moiety substituted with a constrain-induong moiety 

35 Such substantially linear copolymers have the strength and t ughness of linear 

low density polyethylene (HOPE) but with processabihty similar to highly branched low density 
polyethylene (LOPE). Thus, the polymers have processing indices (Pi's) less than or equal to 70% 
of those of a comparable linear olefin polymer and a critical shear rate jt onset of surface melt 
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fracture of at lest 50H greater than the critical shear rate at onset of surface melt fracture of a 
traditional linear olefin polymer at about th* same I ; and Mw/M„, where l; is the melt index 
measured according to ASTM 0-1238, Condition 190 # C/2 16kg (formerly known as 'Condition 
E"), Mw is the weight average molecular weight, and M n is the number average molecular 

5 weight of the polymer. The substantially linear copolymers will have from 0 0 1 to 3 long chain 
branchevlOOO carbon atoms along the polymer backbone, where long chains are defined as a 
chain length of at least 6 carbon atoms. 

If desired, the polymer resin may be combined with a comonomer of propylene to 
form a copolymer. The substantially linear copolymer resms are also suitable for use as the 

10 outer layer where the container comprises only outer and inner layers as shown in fig 3, end 
may be used as the intermediate portion where the container is comprised of a smqle layer 
The multi-layer container of the present invention is preferably produced by 
coextruding the polymer layers followed by a conventional blow-molding process, although 
other processes such as injection molding may be employed The pr^^trt^ process for making 

1 5 the container includes the step of extruding the layers as a tubular panson between a pair of 
separated mold halves which form the desired container shape. The mold halves are then 
closed and the parison is blown into engagement with the interior surfaces of the mold 

Where the container wall comprises outer and inn^r layers of polypropylene and 
an intermediate layer of polyethylene or an ethylene vinyl acetate copolymer, the intermediate 

20 l*y* r m«y b« coextruded with the polypropylene layers. Alternatively, the outer, inntr and 
intermediate layers may be bonded together in the hot-melt state using adhesive polymers 
such as copolymers of ethylene and vinyl acetate or ethylene and acrylic acid which function as 
glue layers as shown in Fig. 3b 

Where the container structure is comprised of a single layer, a sequential blow 

25 molding process is preferably used in which the polymeric materials are extruded into the 
parison in sequence For example, to form the container shown in Fig 1, the polypropylene 
having a high flex modulus would be extruded into the parison first, followed by the softer 
(that is, lower flexmodulus) polypropylene or substantially linear copolymer resrn. and finally, 
the polypropylene having a high flex modulus Thus, the single layer container formed 

30 comprises upper and lower portions 22 and 26 formed from polypropylene having a high flex 
modulus and an intermeo ate portion 24 formed from polypropylene of a lower flex modulus 
A suitable method for carrying out this embodiment of the invention is described by 
Schwaegerle et al, "Sequential Extrusion Blow Molding - , Society of Plastic Engineers (October 
4-6,1993) pp. 283-293 

35 Another alternative method of making the single layer container is to inject the 

polymeric materials around a mandrel such that the t pandbott msecti ns 22 and 26 of the 
container are injected with polypropylene having a high flee modulus while the center section 
24 is injected witn a softer polypropylene 
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The container is preferably formed so est pr vide a container having agenerelly 
cylindrical shape from top to bottom, with a round closed bottom *\ shown in Fig. 6 and an 
opt n upper tnd t$ shown In Fig. 1 . The open «nd should bo widt enough to allow access to 
and cleaning of tht inttrior of tht containtr or a widt mouth container. 
5 Also as show In Fig. 1, the container preferably includes a threaded portion* 20 

for receiving • screw-on closure 2 1 . Howtvtr, it should bt appr«ciat«d that other conventional 
caps or lids may bt tmpioytd In tht present invtntlon. It should also bt apprtclatad that the 
shapt and si it of tht contalntr may vary For example, tht container may bt dtsigntd as a 2. 3. 
6, », or 9 (473, 710, 1420. 1893, 2 1 29 ml) cup containtr and may havt a cylindrical, oval, squart 
• to or othtr shapt as dtsirtd. 

Othtr variations of tht container structure art within tht scoot of tht invtntion 
For example, tht lowtr sldtwall 26 of tht containtr may bt ttrturtd or roughtntd as shown at 
27 to enable a ustr to grip tht containtr during collapst and extension of tht conuintr. 

To aid in tht collapsi ng and optning of tht conuintr. tht polymtrs may contain 
1S from 0.1 to 3:0%, and mora preferably, about 1* of a slip edditivt and/or antiblocking agent 
in ordtf to maintain a suitable optical clarity, the containtr should havt a haxt 
valut of about 40H, preferraWy of no more than about 40H (but center section 24 may have a 
somewhat hightr haze level). The haie value may be measured by the Digital Photometric 
Method (ASTM D-1003) using a Gardner Model TG5500 The optical clarity of the container is 
20 maintained even after microwaving food dut to tht inner polypropylene layer of the container 
wall which is resistant to staining . 

In order that the invention may be more readily understood, reference is made to 
the following example, which is intended to be illustrative of the invention, but is not intended 
to bt limiting in scope. 

25 
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A collapsible , multi-layer container was produced in accordance with \h* present 
invention using Bekum blow molding equipment. The container structure comprised outer 
and inner layers of polypropylene and an inner layer of ethylene vinyl acetate 
5 The multi-layer container which was formed had a total thickness of about SO mils 

(1.27 mm), with the outer and inner layers comprising about 40H of the total film thickness 

The container was tested to determine acceptable resistance to microwave 
cooking processes by placing approximately 20 ox. (0.567 kg) of a commercially prepared can of 
chili into the container. The container was then heated, uncovered, in a microwave oven under 
t0 full power (750 watts) for about 10 minutes After each minute of heating, the food was stirred 
thoroughly and the container was Inspected for deformation and staining The container was 
found to have minimal staining and was resistant to deformation. No leaks were noted 

The haze value of the container was measured after cooking uvng Gardner 
Model TGSS00 and was found to be 33H . 
15 EM^tftZ 

A series of generally cylindrically-shaped containers were formed over a three day 
period by blow molding a three-layer A/B/A construction of polypropylene (Pro Fax SV 256) in 
the outer layers and a copolymer of ethylene and vinyl acetate in the inner layer A 
polypropylene slip additive was included in an amount of about 1 % by weight in the inner and 
20 outer layers. The slip additive was found to improve the opening and closing of tht containers. 

Tests and measurements were performed on representative samples of the 
containers as reported below in Table 1 on the opening force required, the layer distribution, 
the layer thicknesses around the top, middle, and bottom of the container, and the haze value 

25 
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While certain representative embodiments and details have been shown for 
purposes of illustrating the invention, it will be apparent to those skilled in the art that various 
changes in tht methods and apparatus disclosed herein may be made without departing from 
S the scope of the invention, which it dtfined in the appended claims. 
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WHAT IS CLAIMED IS: 

1 A collapsible, microwavablt multi-laye r contain* which includes an uroer 
open end, a lower end closed by a bottom wall, and a peripheral $id* wall extending between 
5 uid upper and lower ends which is movable between extended an<j collapse 1 positions upon 
the exertion of a force, said container walls comprising an inner layer of a thermoplastic 
polymer having a first flex modulus and a second layer of a thermoplastic polymer having a 
lower flex modulus than said inner polymer layer 

2. The container of claim 1 further including an outer layer of said thermoplastic 
10 oolymer having said first flex modulus 

3 The container of claim l wherein said pe<«;h«r Vl <j f «all m its extended 
position includes an upper portion, an intermediate por&K a \fi a lower portion, wherein said 
intermediate portion has a wait thickness which n less than th« wall thicknesses of said upper 
anr* ower portions. 

15 4. The container of claim 2 wherein the wall thicknesses of said upper and lower 

portions are substantially equal. 

5. The container of claim 2 wherein when said container is in said collapsed 
position, the upp^r and lower portions of said peripheral sidewall are telescoped within one 
another and said intermediate portion is folded therebetween. 
20 6. The container of claim 1 wherein said inr.er polymer layer has a flex modulus of 

about 1 50,000 psi ( 1 034 MPa). 

7. The container of claim 1 wherein said second layer. 

8 The container of claim 2 wherein said outer layer comprises polypropylene and 

comprises from 18-22% of the total container wall thickness, said second layer of thermoplastic 
25 polymer comprises a substantially linear copolymer resin of ethylene and an a-otefm and 

comprises from 55-60% of the total thickness, and said inner layer comprises polypropylene 

and comprises from 19-27% of the total thickness 

9. The container of claim 1 wherein said container walls further include glue 

layers which join said second layer to said outer and inner layers 
30 10 Th * container of claim 2 wherein said outer and inner layers comprise 

polypropylene, said second layer comprises polyet tyene. and glue layers comprising 

copolymers of ethylene and vinyl acetate or ethylene and acrylic acid adhere the inner, second, 

and outer layers together. 
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